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2 9F =A4u(L;ANT, MFA, DMSO, DMF, DMA)d] A a-Ni (rac-{14)-decane)?* 2] 3}&3
Y AAE oA EFF=HoR A735ls. ANT, MFA, DMSO, DMF, DMA & = 334
4 K2 7z 31.0, 27.5, 21.3, 15.9, 6.40]3lev, K+ K; ¥t} AL o)t a-Nilrac-
(14)-decane)?* + L= (a-Ni(rac-(14) -decane) -L)?*; K;. [a-Ni(rac-[{14)-decane) L)% +L== (a-
Ni(rac-[(14)-decane-Ly}?"; K,. ACT o] Al Ni(Il) macrocycle #o]l29 d-d F5odA] (em™9} 3
2 999 (Eyyg V vs.SCE) Ate]o] AR & ARSIt d-d Aol vA & aA e Ad g
YR AFE Aol 29 ugAd s F9 ¥ oz o] F3lH vl Ni(rac-(14)7-diene)2t, Ni(meso~
1[(14) 7-diene)?*, Ni(1(14}4-diene)?*, a-Ni(rac-(14)-decane)?*, §-Ni(rac-[(14)-decane)?*, Ni(meso-
(14)~decane)?* Fo] -2 FLutsbq 9= A7k —1.419, —1.431, —1.440, —1.450 —1.473, —1.480
(V us. SCE)elglc}, 2 7F# -&violA Ni(meso-{14)-decane) * o] A A2 d-d Aol YA vy,
em ™) Hsket B o] FHAFF(e/en) BAE BTG ¢/ep 7t FFF vaw (™) & Z7181Y o}

ABSTRACT. The equilibria of chemical reaction between a-Ni(rac-(14)—decane)?* and polar
solvents(L; ANT, MFA, DMSO, DMF, and DMA) have been investigated by the spectrophotometric
method at 25°C. (The equilibrium constants(K;) of) the first step in ANT, MFA, DMSO, DMF,
and DMA were 31.0, 27.5, 21.3 15.9, and 6.4, respectively. The smallness of equilibrium
constants (K3) of the second step compared with K; was observed. a-Ni (rac-[(14)-dacane)?t+L=—:
[@~Ni(rac-[14)-decane) -L)?*: K. [a-Ni(rac-(14)-decane) -L)** + L= (a-Ni (rac-[14] ~decane) -L,)
2+: K,. The relationship between d-d absorption energy and half-wavepotential of complex ions at
ACT was considered. Macrocyclic ligands® increasing d-d transition energy caused half-wave
potentials of Ni(II)-macrocycle to be shifted more positively. The half-wave potentials for Ni
(rac-1(14) 7-diene]2*, Ni(meso-1(14)7-diene)?*, Ni(1(14)4-diene)?", a-Ni(rac-{14]-decane)?*,
B—Ni(rac-[(14]-decane)?*, and Ni{meso-[14)-decane)?* reductions were —1.419, —1.431, —1.450,
—1.473, and —1.480 (V ws. SCE), respectively. The d-d transition energies (vp.., cm™) of the
Ni(meso—[14) ~decane)2* isomer were discussed with the dielectric constant (e/sq) of the various

solvents, v...(cm™) increased with increasing &/e.
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thyl-1. 4. 8. 11-tetraazacyclotetradienenickel (II)
perchlorate, Ni({14]-diene) (CIO,);¢} hexame-
thyl-1. 4. 8. 11-terraazacyclotetradecanenickel (II)
perchlorate, ~Ni((14)-decane) (C10g)20] 312
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Zbl = AzM o] Erbs3teh =9 NMR 2
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Ni(meso-1(14) 7-diene)** & Z}A|¥ o] &7l &
45w o] sHgsltt

Ni((14)-decane) (ClO,), (Structure III)¢] =
C, 8} Ci9 ATE 72 7}A] & racemic isomer,
Ni(rac-(14) -decane) >*2} meso isomer, Ni(meso~
{14)-decane)?* 7} glt}. Ni(rac-[(14)-decane)
(Cl0p) 29 o] 444 a-Ni(rac-(14)-decane) 22}
B-Ni(rac-(14)-decane)?*2] ZEA| = X-ray 2 F
34 o2 g uf A%, a, f-Ni(rac-(14)-
decane)?*9} Tz Folz v A Aio] 23
FaQA9] e 719823, a-isomeris 4t
Ao A kA stAwt, FA4 LN o)A = f-iso-
mer 2 #H 3k},
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ste] AAZ F AF Lol AGe e
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(a-Ni(rac-(14) -decane] -L)?* +L ==
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$3E 34 lom A44E ol gagord, B
Boz AFTE AAL A F F-F} ol F
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(3) a4 € AVdAEE &

ACT £+ ¢] 4] Ni(1(14)4-diene)?*, Ni(meso-
1(14)7-diene)2*, Ni(rac-1(14)7-diene)?*, Ni
(meso- (14) -decane)?*, a-Ni(rac-[14) -decane)*t,
B-Ni (rac- (14)decane)®* o] 28] opa e &
YANACO P8 Type DC Polarogramg- ©] 23}«
ZA3t9 vk A A A& A 2= TEAP~10"2M ACT
g o Agstgon, AT 22 ASE X
EFRAT ez 3o HAELATo ] EHEad
& Ak o] W F&F Eole 59.0cm o] gl
t}, A4/ Fig.13 7] cylinder type o
gon 3AFHAE o] &35t Eetmae
AAGE AxE FHAAA 23 §99 Aol
223 AojA n AaE HA3] AAAZ £ 5
A3
ACT gullol]l A &2 £ =X+ YSI Model 31
AERE BIAE AHEst] (3)A e w2t AA 3
ek

Au=EX1000/R-M 3

AN ke AT, RS Afolz M & B

FMEE - A

Fig. 1. Cylindrical type of polarographic cell. 1.
reference electrode with SCE., 2. dropping mercury
electrode, 3. helix type of Pt. auxiliary electrode,
4. Salt bridge 5. sample solution, 6. sintered glass
disc, 7. water jacket. Composition of salt bridge; I.
Sat. KCl aqueous solution, II. Sat. KCI+3% agar-
agar III. 1 M TEAP+50%ACT-water solution, IV.
1M TEAP+3% agar-agar.
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Imine 9] 9] A7} cisel Ni(1[(14)4-diene)?t 3l o]
201} trans 9l Ni(meso-1(14)7-diene)2* 2 Ni
(rac-1(14) 7-diene)?+ FHo] 2.9 d-d ol 23
amine°] FA Az FL3= Ni([14)-dec-
ane)?* Fol oA B} o E& ouA A Q
olxkrh. z¥] =, Ni((14)-diene) (Cl10,), FHE-&
S:04% o]} SCN™ o} 2.3} 22 733wl $] 5 7}
A HAz=r 23] o8¢ Aoz ¢3A 3l
cH5 20,293 o] A2 A ze] 2] 7-E9] amine 4
&9t Fol& Ateldl A oAt Ad g
el AaQA 4460 o3t F3 A= G
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2 Mi(rae-l014 7.4
3 Mitrego-r143.¢
4 a-Ni(rac-[14) -
5

¥i(nese-116] 7-d ene)
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1 U r n
400 4ec 560
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Fig. 2. Absorption spectra of Ni(II)-macrocycles in
ACT solution at 15 °C.

Table 1. Electronic absorption energies and molar
conductance for the Ni(Il)-macrocycles isomers

Molar
Isomer ;ﬁlfl_’ ‘B emax | Conduce
tance
Ni(meso-[14)-decane) 21280 80 | 220(2:1)
(Cl0y)2
B-Ni(rac-[14)-decane) 21980 106 | 236(2:1)
(C10y)2
o-Ni(rac-[14) -decane) 22220 71 | 245(2:1)
(ClOy):
Ni(1-(14)4-diene) (Clog)2 | 22600 | 109 | 207(2:1)
Ni (mf;so—l (14)7-diene 22730 85 | 209(2:1)
)2
Ni(rac-1(14)7-diene) 22990 97 | 205(2:1)
4)2
P A3} wFoltk, 3} trans isomer F-o]

o] cis isomer Fo]L Bl © ¥ ANUAFE
t43te AL Yol & transit ¥ AE A
Mg Ay wFo|th meso-9 racemic
isomer &] =}o]% Ni(meso-(14)-decane)?* 7 Ni-
(rac-(14)-decane)?*, Ni(meso-1(14)7-diene)?*
7} Ni(rac-1(14)7-diene)?* o] w]szofl A F H ¢
2= meso 7} racemic isomer BthE % oY

= 29 F& FFAFT ol AL FHo|29 =
% uhpel A F4ol et Sl Ao F5Ag
o] Holz & § Urh

ACT €do] A 67 FE EAEEE ¥
(Tablel) 2:1RANAY Fhol sl e, webA
Niz+ Fo] o] Hgt ClO,~ o9 W& 74
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Fig. 3. Absorption spectra of Ni(meso-(14)-decane)?+
complex ion in various polar solvents.
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Fig. 4. Maximum absorption energy(cm-1) of Ni
(meso-[14]) -decane) 2+

(/o).
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9 43l & 4 Sl

Zo] 2] d-d Aolo 3 & g (Fig.
3)& =As] At &Y A A (e/eo) ol
g3 AN FTFA A Vpaz. cm™) E Fig. 49 =
A8t e}, Fig. 4] vebd AAF Ni(meso-
(14)-decane)®* Fo] 29| HHFT AHiA = &
W] FAZF FAEFF EL AR Fo
2 olFslgth &9 AT Sk
(ACT<ANT<DMF<DMSO<H,;0) #E&E9 &
ol v 7ke] FFF Lol FUIEE A
W Fo]l &g v§ A @t o = A4
QA aAo &3 A Aol AAg el Loy
22, FFadE]L o & dqUx] Fo=
o] %3 Aolrl a-Ni(rac-(14]-decane) (CIO,),
FEL A o FE9 J4AA = 2 &

against dielectric constant
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Fig. 5. Absorption spectra of 1. a-Ni(rac-(14) ~de-
cane)2* jon as function of times in neutral aqueous
solution (2. B-Ni(rac-[14)-decane)?*) at 25 °C.

Absorbance

Waveleupth (nm)

Fig. 6. Absorption spectra of @-Ni(rac-(14)-decane)®*
ion in various polar solvents at 25 °C.

A F5adERL Fig. 49 F48 FFE
veEP S

Ni (rac- (14) -decane) 2 o] &2 Ao 2e]
29 AadAd AT FaUA gl
oate] a s} B-isomer & 7Pt Fig. 59 F
Zadedd Vel e AAF a isomer =
dddd oz 8 isomero] 3] & 3T

a-Ni (rac-(14) -decane)?* =}o] 2.3t <-4 -8} 7¢
o] 3498 : Ni(1{(14)4-diene)?*, Ni(meso-
1(14)7-diene)2*, Ni(rac-1(14)7-diene)?*, Ni
(meso—[(14) —decane)?*, =¥ 3 f-Ni(rac-[14)-
decane)?t Fol &2 44+, H;0, ACT, ANT,

MFA, DMSO, DMF, DMA ZdlA =@ o 2
9 Ni(dD9 A= FE9] 54 44 F
Foeolag vepl o (Fig. 2,3). 131"]' Fig.
6< 29 a-Ni(rac-(14)-decane)®™ ZFo] 2
HO 8 ACT $vjel A2t Aztgms) 54 239
£ (Quu=4500m +2)& bRz, ANT,
MFA, DMSO, DMF, DMA djAl= #7+ nz}
A, 4% F2A, 284, 24, QP 234
2.2 450nm ©]2]o] 370nm 9} 600 nm 2ol A
Ao Fasiolzst AUt o WAlA A
=] #7127} 1,4, 7, 10-tetraazacyclotetrade-
cane ¥} 1, 4,7, 10~tetraazacyclopentadecane =)
Ni(ID) FHEAR23%, singlet el w44 2
Azt e Fo]l 2, a-Ni(rac-(14)-decane)?" 9}
triplet 4efQl A4 9] 2w A Fo]-Z, [(a-Ni-
(rac-(14)~decane) -Lp)*" 7} P EFE2 &4
otz AT 4 v} singlet 8 triplet £9
BT AL FATd T+ d9d AL 649
Z ol d o] E Fo]-L, (a-Ni(rac-[14)-decane)~
(CH,COO)*o] ACT=} DMF -9l of 4] 340nm$}-
540nm ol A | Foafo] st Qojdrhs Ao
o (Fig. 7).

olefwtzt wb-g (D7 (29 FFAAZE I~
fete] FA LY Fxe] wel a-Nirac-[14)-
decane)?* #}o] 28] FAAF H3E 450nmol] 4]
SR8 (Fig. 8). & (D @9 FFA
T KAKE @)% @Az vkl § gt

7N
/AN
// \\ T
/ Lo
/ -
/ /
o N
P P
4 o ACT :
2 s
\ - -
i/ e
350 450 530
Wavelength{nm)
Fig. 7. Absorption spectra of Ni(rac-14-decane)

(CH,COO) (ClOy) in H,O, DMF, and ACT.
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[aNT]=0.03 \

Absorbance

wavelengti(rn)

Fig. 8. Absorptiin spectra of @-Ni(rac-[(14)-decane)?*
jon as function of ANT concentration at 25 °C.

(@-Ni (rac—[14) —decane-L?*]

K= {a-Ni(rac-{(14]-decane)?*] (L) ®)

_ [a-Ni(rac—[14) ~decane-L,*"] @

{a-Ni (rac- (14)-decane-L?"] [L]

450 nm o A EAF FAATF(enE ol-&3Hd
@3 WA K12 K9 F3A5Y 224+
o1& 4 9t} a-Ni(rac-(14)-decane)?* o]
3 Fpz=zA F44W, LY AXNs=E 44
(a-Ni(rac-(14) -decane) ) r &} (LIr2 Fod
gt o] Gk,

Ky=

(@-Ni(rac-(14)-decane)?*) r = [a-Ni(rac-
(14) -decane)?*) + (a-Ni(rac-(14)-decane) -
L?*) + (a-Ni(rac-(14)-decane) -Ly**] +e-eveeee
(a-Ni (rac-[14) -decane) - Ly?*} = (@-Ni(rac-
(14) ~decanc®) 318, (L)" ®

(L) 7= (L) + (@-Ni(rac-(14) —decane) -L?*] +
9(a-Ni(rac-[14)-decane) - Ly?] --oeeeses N(a-Ni
(rac-[14)—-decane) - Ly?"] = (L) + (a-Ni(rac-
(14)-decane)?*) 3 nfa (L)* ®)

o7 A B, a-Ni(rac-{(14)-decane)-L2" 9 &
ZokA = o], L3 a-Ni(rac-(14)-~decane) -
L2* (n>0) o] g% L FFr: A9
207t 19 A (DAez 338E F Ut
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A=1((a-Ni(rac-(14) ~decane) **) ofl €Ba (L) +

er(L) =1 ([@-Ni(rac-[(14)-decane) *t) rer+¢,

(L) D
A7A A FAFPE FEo #HE FHEolH,
&@F ¢ 47 [(a —N1(rac—[14]—decane) L%
9} LY F3AFE o9 d.

S (VAR gz g Azte] A¥E # (D)
Aoz HE (8)4e] gojzlrt

1 _ 1 1 1
er—6 Ki(a—e) (L1  ea—6 ®
6 3 ¢ & 22 a-Ni(rac-[(14)-decane)?*s} (a-
Ni(rac-(14)-decane) -1L)2*9] F33A 45 el
o, =g (7)}*] g o] &3y 6ulg] Folol A
AEE e @9 HIASFETE T A 9)

A& ?:‘ T At
(e7—€0) ‘:T(EI{‘]_‘EI)KI WL _ g Ko, L ~K.K,

€)

7] A € = [a-Ni(rac-{14]-decane) - L) 27| &
FATE 2u gt

ANTo| A & Fig. 83 22 F4~9ed

HatE @A #et (er—e)vs (L)' E =

Alde K & F3AH K& 01%—3}:4 REES
9 WYFE K, r—%) (eT——el)Kl (L)

vs.

& 2A%Y T8 Jf‘/l%i‘;]' (8)"]' (ORE
H’}?‘/]- Fig.908} 10 6.2 H¥ d2 K, 7% K, & DN
(donor number), AN(acceptor number), €/¢
(dielectric constant)$} §A| Table 2o 53}
et

Table 29| A K13} K& ANT>MFA>DMSO
>DMF>DMA A 2 ZHadlglz, o] A+
7 goe AAAHE FehlE AN Za &
A% A, 281} ANT S DMAGIA K,
FKEHagd s OF 29 FFd v
A AAzA LA gAY = A3
3 Zge AL ¢ F A

2849 H;O ¢ DN, AN, =z8 3 ¢/¢gS DMSO
1} DMF2] A3} ¥l 23 o] a-Ni(rac-[14)-dec-
ane)®* Fo] 2L gl A] triplet Al
Abgm A Fe] EATE Aoz A" =2y
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Fig. 9. Plots of (er—gp)~! against (L)-! in varions
solvents, —H—M—; ANT, —@®—0G—; MFA,

—O0—-—; DMSO, —O—0O—; DMF, —@—@—;
DMA.

[ T T T 77“_“__—’
. |
125 L | %
. o. o :
[eit] S ! !
N
il : O ~o !
o 1 S L l
= f joR - !
. S . |
G l el o |
I . - LN
£ 951~ — o \
W ool : =11 ~
~ 3 ! SNy Q.
2 oo ~0_
o = S~
1] T
" ‘ O
W
~

. —eg) +(er—ep Ki (L)
Fig. 10. Plots of (er—20) ET([ITJz D2l

in various solvents, —i—M; ANT, —@©—@©—;
MF4A, —[O--[O—; DMSO, —O—0O—; DMF,
—@—@—; DMA.

against er—?

a-Ni(rac-[14) ~decane) 2" - &H o] A F2dE

£ singlet AH]Ql A4 E EAAHESR
o} ekt (Fig. 6) ©l® &4 (14)-decane
¢] amine $2= 9A7+ Ni((14)-decane)?" o]

T - TER

Tabbe 2. Equilibrium constants of reaction between
a-Ni(rac-[14)-decane)2tand polar solvents.

Ligand K Ko DN AN e/eo

{LANT_| 3.0 5.2 14.1 19.3  36.0
[' MFA 21.5 4.6 . . .
DMSO | 21.3 4.0 9.8 19.3 45.0
DMF 15,9 3.1 24.0 16.3  36.7
DMA 6.4 1.3 27.3 13.6  37.8

2ol oA} Aok W Ao o
A g5 o] Fol Lol Aele HO% 23 +
2A%es 49T I =3 Adzy F
Al 609 W=7 A ¥R Ni((14)~decane)**
ol &9 o AA L %4 % doughnut EFO
2 =0l 49 &F4¢ dehd o &

LS HOS A%E BasE Az 4% 4

St

B ¥4 (distribution curve)

ANT, MFA, DMSO, DMF, DMAd| A K, &
K:& 38 % ¥ a-Ni(rac-[14)-decane)?* o]
£-& a-Ni(rac-{14) -decane) 2t & ¥ 335} (a-Ni
(rac-(14)-decane) -L}1#*3} [a-Ni(rac-[(14)-de-
can) ‘L)% & A7A &Foz A%, a-
Ni (rac-[14) ~decane?*, [a-Ni(rac-[14)-decane) -
L)?*, [a-Ni(rac-{14)-decane) -L;)2"2] -8 ay,
a, % FHRER FE3E Si9 FE, (L)
9 #A = 2 2

_ 1

NI TR, LT KK, (L) 2 (10)
_ KL

CETTRID) + KK (1
_ KiK(L)?

=R L) KR (L) a2

10$), (11, 2 A4 Lol vt AL ap
ay, a; & Fig. 116 =A3g ), Fig. 11& &
3 (L}=0.05M o] &} A= a-Ni(rac-[(14)-de-
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Fig. 11. Distribution of a-Ni(rac-[14)}-decane)2*
species in solutions of varying L=ANT concentration.
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Table 3. Polarographic data obtained with DME

Macrocyclic ligand Electrode Slope
” reaction E1/2(V) (mV)
rac-1(14)7-diene NilL,2*+e~— | —1.419] 71
NiL,*
meso-1{14)7-diene | in acetone —1.431 66
1(14}4-diene —1.440; 53
a-rac-(14)-decane —1.450, 73
B-rac-{14)-decane —1.473 65
meso-{14] -decane —1. 480, 67
QO meso- 1147 ~decane
1.47F g-rac-[14] -decane
ot
:1,45 o O a-rac-[141~decane
%
10141 4-diene@
1.43F meso—1[14] 7-dienc O
rac-1[1417-diene O
L A 1

22,2 22.8

i
Ama}:-(Cm S KK

Fig. 14. Dependence of Ej;;2 on vpa.(cm™) of
Ni(Il) -macrocycies in ACT solvent.
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